We have revisited the still unresolved puzzle of the dispersion of the Raman disordered-induced D band as a function of laser excitation photon energy E L in graphite-like materials. We propose that the D-mode is a combination of an optic phonon at the K-point in the Brillioun zone and an acoustic phonon whose momentum is determined uniquely by the double resonance condition.
(iii) The frequency of the associated second order (D ⋆ ) band (∼ 2700 cm Almost three years back 6 , we have proposed disorder-induced double resonance near a gap of ∼ 1 eV in the graphite band structure to result in the dependence of the phonon wavevector q and hence the phonon frequency ω on the energy of the exciting laser energy.
Very recently, Thomsen and Reich 13 (TR) have wrongly questioned the existence of such a gap of ∼ 1 eV in the electronic structure of graphite. They have also used double resonance using the electronic linear bands at K-point in the Brillouin zone. The serious difficulty with their calculations is that the calculated intensities of the D-mode for different incoming photon energies do not decrease as E L increases. On the contrary, the calculated intensity for E L = 4 eV is higher than for E L = 2 eV (see Fig.3 of Thomsen and Reich 13 ). This is completely opposite to the experiments as shown in Fig. 2 . There is another difficulty we have with the TR's calculation. As given by their Eq. (4), the magnitude of q increases with E L . For optic branch along ΓK direction, the phonon frequency ω is a decreasing function of q and hence ω should decrease with increasing E L which is contrary to the experiments.
In this paper, we present a model based on double resonance which can address all the novel features associated with the D mode. Keeping in mind that the acoustic phonon branches are strongly coupled to the high-frequency optic branches at the K-point in graphite 12 , we propose that the D-mode is a combination of an optic phonon at the K-point in the Brillouin zone and an acoustic phonon whose momentum is determined uniquely by "double resonance" condition 14 . In usual second order scattering, if the optic phonon is described by a wave-vector q 1 and the acoustic phonon by a wave-vector q 2 , conservation of quasi-momentum requires q 1 + q 2 = 0, where q 1 and q 2 can span the entire Brillouin zone.
Since D-mode is disorder-induced, we suggest that q 1 is fixed at the K-point of the Brillouin where µ is the reduced mass We recall that the D-mode intensity increases as E L is decreased from 4.2 eV upto 1.16
eV, suggesting that the D-band excitation profile has a maximum below 1.2 eV. We suggest that the appropriate band gap associated with the resonance of the D-mode is at ∼ 0.8 eV where a maximum is seen in the optical reflectivity measurements on graphite 18, 19 . This gap is associated with the energy difference between E 1 and E 3 bands at the K point of the Brillouin zone as shown in the band structure of graphite (Fig.3a) taken from Ref. The mechanism we suggest is that the electron in the conduction band (or the hole in the valence band) is scattered by an optic phonon, changing the electron state from k to k ′ . Another accoustic phonon scatters this electron at k ′ to k ′′ , followed by an impurity (disorder) scattering from k ′′ to k ′′′ and the electron-hole recombine to produce the scattered photon with a frequency shift given by ω = ω op + ω ac . As mentioned before, we proposed that the optic phonon involved correspond to the maximum in the density of phonon states at the K-point in the Brillouin zone (shown by a solid dot in the phonon dispersion of graphite in Fig.3 ) and the wavevector q of the acoustic phonon is so chosen to satisfy the double resonance condition. This Raman process involving disorder mediated two-phonon scattering is fifth order in perturbation theory and will have four energy denominators as explicitly written by Kauschke et al. 22 , out of which two energy denominators will be the same. The resultant expression for the Raman matrix element is to be integrated over k,
The Raman intensity will be maximum when all the three denominators resonate simultaneously. It can be shown [14] [15] [16] [17] that the magnitude of q satisfy the condition for Stokes Raman scattering, for ∆ +hω op < E L < ∆ +hω op +hω ac ,
For E L > ∆ +hω op +hω ac , another resonance becomes possible for
For a given E L , the two-phonon Raman peak position for Stokes scattering will be given by
with q s given by Eq. (1) or (2). For ∆ ∼ 0.8 eV and E L > 1.16 eV, Eq. (2) is the appropriate relation to be used. In graphite, there is a peak in density of states around 1230 cm
corresponding to the optic phonon frequency at the K point in the Brillioun zone 12 . We therefore, take ω op (K) to be 1230 cm −1 .
Regarding acoustic phonon, it has been seen that the acoustic phonon branch corresponding to the branch marked T in the phonon dispersion relation of graphite shown in Fig.4 , is strongly coupled to the optical phonon 12 . We take ω ac (q) = v T A q where v T A is the transverse accoustic phonon velocity (= 1.23×10 4 m/s). Since ω ac ≪ ω op , one can simplify Eq.(2) and write
The solid line in Fig.1 is a fit to Eq. (3) and (4) Recent Raman measurements on ion-implanted highly oriented pyrolytic graphite by Tan et al. 7 show that the peak positions in the Stokes and anti-Stokes spectra for the D band are different, with ω AS > ω S . In our model, using the disorder-induced double resonance, wavevector of the phonon in anti-Stokes Raman scattering for the D mode will be given by,
in place of Eq.(2). Therefore
For the D ⋆ mode, two optic phonons and two acoustic phonons will be involved. This process will not require disorder-induced scattering to conserve momentum. In this case 
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